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TIP  EFFECT  OF  SUPBBSOBIC  FICS  FAST  DIHICBAI  AUG  IE 


>•  F.  Votob']«f 


Bxaained  her*  in  liceai  fcrnulaticn  is  a supersonic  flow  of  gas 
about  a dihedral  aagle  fcrscd  by  intersecting  Kings.  In  the  case 
where  the  leading  edges  are  entirely  supersonic,  the  flows  in  the 
interior  aagle  y and  extexicr  angle  2w  - y can  be  studied 
individually.  For  this  case  we  solve  a aodel  ptcblen  on  the  flow 
inside  a dihedral  angle  at  any  value  cf  y £1].  ter  wings  consisting 
of  angles  y = w/n  (n  * 1,  2,  3,  where  the  value  of  the 

potential  inside  the  angle  is  written  in  explicit  fora,  the  solution 
to  the  prqblea  of  the  tip  effect  reduces  tc  solving  the  Abel  equation 
[2].  In  the  case  of  a flow  past  a dihedral  angle,  where  one  of  the 
angles  - either  exterior  or  interior  - aust  tc  greater  than  w,  we 
nust  find  the  solution  in  this  angle  with  diffraction  on  the  angle 
considered.  Ia  the  present  study  we  find  the  solution  for  a flow  in 
dihedral  angle  y * [ a/n  ]*.  cn  the  tasis  of  sclving  this  aodel  problea 
w*  solve  the  problea  of  the  effect  of  tips  cn  a dihedral  angle  ia  the 
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case  where  the  dihedral  angle  is  y * a /a.  Ike  problem  is  reduced  to 
solving  generalized  Abel  equations. 

PIC  1 INSIDE  DIHEDRAL  ANCLE  ) * [n/n]a 

She  flow  of  a supersonic  stream  past  slightly  curved 
intersecting  wings  is  studied  in  linear  fi-ori ulation.  The  conditions 
cm  the  wing  surfaces  are  transferred  to  plates  which  are  parallel  to 
the  oncoming  flow.  The  dihedral  angle  is  formed  by  the  intersection 
cf  these  planes.  As  out;  coordinate  system  we  use  a left-hand 
rectangular  system.  Axis  ox  takes  the  direction  of  the  velocity  of 
the  oncoming  flow.  Plane  xcz  coincides  with  plane  to  which  the 
bemndary  conditions  of  one  cf  the  wings  have  been  transferred.  Plane 
to  which  the  boundary  conditions  of  t.he  second  wing  have  been 
transferred,  constitutes  with  plane  xox  the  angle  g.  Here  the  edge  of 
the  dihedral  angle  coincides  with  axis  cx  (fig.  1).  The  potential  of 
the  disturbances  satisfies  the  wave  eqwaticr,  which,  by 
transformation  of  the  coordinates,  can  be  reduced  to  a form  which  is 
independent  of  the  number  H: 


- 't, 


(1) 


Vhe  solution  to  equation  (1)  in  the  Tclterra  form  gives  us  the 
expression  for  the  velocity  potential  in  terms  cf  the  value  of 
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ccncrsal  derivatives  and  the  potential  cq  tie  wing  surface.  In  linear 
foraolation  on  the  ving  surface  the  cc nerve!  derivatives  coincide 
vitfa  the  qorval  apd  represect  knevp  functions.  In  the  case  of 
dihedral  angles  7 * v/n,  terns  containing  vnkpcun  values  of  the 
velocity  potential  on  the  ving  surface  aust  be  excluded  fron  the 
Volterra  fornula.  The  velocity  potential  In  this  case  is  selected  in 
guadratures  through  the  norial  coapcnents  cr  the  sides  of  the  angle 
[1.  2]. 

Dihedral  angle  7 * [a/s]»  ca  be  broken  down  into  1 4.  a dihedral 
angles,  each  of  which  equals  =»  vkere  k is  a certain  whole 
nuaber  k ^ n.  The  aethod  is  illustrated  by  the  case  where  Z - 2,  7 * 
Ta  ♦ ?i*  In  exaaining  tie  tip  effect  later,  the  case  l = 3 will  be 
used.  Rheq  Z*  2 in  the  case  of  7 > »,  where  7 = w * v/k,  we  can 
aasuae  k * 3 without  liaiting  generality.  Tie  case  k = 2 leads  to  a 
particular  fora  of  the  generalized  Abel  equation  and  siaplifies 
solution  to  the  problea.  As  angle  ve  select  angle  2|02»,  where  the 
half-plane  2S  represents  a continuation  of  lalf-plane  2Y  The  side  of 
half-plane  23,  which  is  turned  toward  the  edge  of  is  designated  as 
D.n  • Che  side  of  half-plane  S3,  which  is  turned  toward  the  edge  of  v:3, 
is  designated  as  E,_. 

To  reduce  the  probles  cf  the  flow  past  a dihedral  angle  7 * 
[a/n}»  to  the  problea  of  a flow  past  dihedral  angle  7 * v/k,  which 


I 
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has  its  solution  in  guadratures,  uc  nust  find  the  value  of  the  nocnal 
derivative  e,  in  plane  £».  To  find  the  value  of  8,,  we  write  the 
expression  for  the  velocity  potential  at  pcint  i0(  which  lies  on  one 
side  of  plane  2a,  in  tens  cf  the  values  of  the  serial  derivatives  on 
planes  £t  and  £j+.  Is  values  of  noreal  derivatives  on  planes  £*  and 
£s_  we  write  the  expression  for  the  velocity  potential  at  this  point 
ox  the  other  side  cf  plane  2*. 


= 


f f 1 f f - — -v^-  - -1. 


f«- 


«s-  fs 


+ 2 


V - «>• 

a,  ds 


+*M  v' 


3 — 


+ 


f f-- 

v V (*- o* - rl 


- + 


v (■*  - f)1  - r'x 

**  r‘  a,  ds 


J V(*~  «>’  - rK 


(2) 


V 

1 

; 

; 

1 

; 


where  S,y,  »iy  are  the  areas  cs  plane  i,  (i=i,  2,  3)  cut  off  by  the 
characteristic  cone*  whose  tip  is  at  paint  My  (the  area  on  plane  £, 
is  designated  as  S,  where  the  value  cf  the  cccxal  derivative  is 
known  and  as  »t  where  tic  value  of  the  corxal  o,  is  unknown). 
Coantlty  rt)  represents  the  distances  iron  point  M,  to  the  points  of 
integration  located  on  plane  I,  when  x ■ (;  fB  - the  point 
synnetsical  to  point  8a  relative  te  plane  £a;  lt  - the  point 


L,1 
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sjiittiictl  to  point  S,  in  relation  to  (laic  2S. 


froa  equation  (2),  considering  the  fact  that  on  plane  2»  the 
velocity  potential  and  ncraal  derivatives  axe  continuous  functions 
93+  - <pi_.  «,♦  - — , ue  get  an  integral  aquatics  for  deternining  nornal 

derivative  0*-#*+. 


n 


li  ds 


8j  ds 


V V ~'l 0 

+tU-, 


— t- 


«,  ds 


V\m 

2 

2 


«*  - rio 


n 


e /v 

K (-*■—-£)*  — 'iii 

. r r 

V K <*-*)’ 

"j-ft. o. 


U - *>*  - 4, 


(3) 


The  first  tern  of  equation  (3)  represents  ictegral  Abel  operator 
A|8a);  the  second  tera  - integral  operator  E(€a)  of  the  Tolterra  type 
vith  integrable  feature  r~»;  the  last  three  tens  - integral  operator 
Ffaa,  ■})  from  knovn  functions  aav  «2.  Iquaticn  (3)  is  written  in  the 
fora  pf 


/l  (O,)+fl(03) + /■  (<*,.  aa)-0. 


(4) 


Iquation  {«)  is  a genenalized  Abel  aquatic t and  can  be  solved  by  the 
aethod  of  successive  appresiaatiena  of  [3]. 
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the  tip  effect  is  exaained  foe  tkc  case  where  the  interior 


dihedral  angle  is  7 - •/n(n  * 1,  2,  3 then,  exterior  angle  2*  - 


7 * [ 2n  - 1/n]v  represents  the  angle  2w  - 7 * £■/ n]»,  in  which  the 
description  of  the  flow  is  reduced  tc  solving  generalized  Abel 


egnaticn  44).  Without  Uniting  generality  ««  exawine  the  case  where 


interior  angle  y * »/3.  Ihe  case  n * 2 leads  tc  a particular  fora  of 


the  integral  eguation  and  siaplifies  scluticn  tc  the  problea.  When  n 


* 3 the  exterior  angle  can  he  represented  ir  the  fora  of  2»  - 7 * * ♦ 


v/3  ♦ v/3.  This  breakdown  is  shown  in  fig.  which  represents  a 


section  of  the  dihedral  angle  with  plane  € * x.  Periphery  r (section 


cf  cose  of  disturbances  with  tip  at  pcint  cf  intersection  of  the 


leadiag  edge  of  the  wings  2|  aad  Z2)  is  the  rccicn  where  the  actual 


effect  of  both  wings  is  realized. 


let  the  effect  of  the  flows 


between  the  interior  and  exterior  dihedral  ingles  occur  through  the 


tip  of  the  wing  which  lies  in  plane  £,.  Ln  the  part  of  plane  £1,  which 


lies  cutside  of  the  wing  itself  («t)  the  value  cf  horizontal 


derivative  0,  is  an  unknown  guantity.  The  picblea  of  the  flow  past 
the  dihedral  angle  will  be  solved  if  tkc  values  of  6,  on  planes 


£4,  £3.  £1  voi)  are  found.  Then  the  potential  at  any  point  inside  the 


regies  of  disturbances  cf  tkc  dihedral  angle  can  be  represented  in 


quadratures  through  ncsaal  derivatives  in  planes  £.«•£,.  £»,  . To  find 


quantities  0,  , we  write  the  expressiens  for  the  velocity  potential  at 
the  sane  point  on  the  pcsitive  and  negative  sides  of  planes  £4.  £».  01. 


Fox  the  point  which  lies  in  plane  the  value  of  the  potential  is 
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written  Id  angle  X*OX|  («pi+.)  and  ia  angle  X,0X4(<pi-.);  for  the  point 
lying  in  plana  £«.  - in  angla  £i0£4(<P4>)  and  in  angla  X^X, for  the 
point  in  plana  £#.  - in  angla  Xj02j(<pi+)  and  in  angle  X40Xs(<p3-).  Proa  the 
condition  of  continuity  of  the  velocity  potential  and  nornal 
derivatives  in  planes  «t#  S4,  X,  ae  get  the  integral  equations  for 
determining  quantities  0,. 


the  value  of  6,  depends  on  the  position  of  the  point  in  the 
leading  cone  of  disturbances  (Pig-  3).  To  deternine  the  value  of  8ao 
in  cone  0iO0  vherre  the  second  edge  has  nc  inf lienee,  we  solve  the 
prcblen  of  the  tip  effect  of  an  isolated  wing-  flere  we  get  the 
integral  Abel  equation 


A (8,»)  -4-  F (*i+,  *»~  ) — 0* 


To  deternine  the  value  of  04a  in  none  «4tl  there  the  wing  tip  of  Xi. 
has  no  influence,  we  solve  the  diffraction  prollea  on  angle  2r  - y in 
the  case  where  angle  [a/n]«  is  broken  down  into  three  angles 
7*  (/— 3)  • Here  we  get  a systea  of  generalised  Ahel  equations 


A (04|)  +fl|(04i)  +C|(0»|)  +F|(oi_)  »0, 
A (0»i)  +fii(0ai)  +C|(^4i)  +Fi(oj-  ) »0. 


Cuantity  0aa  is  the  valae  cf  fla  in  plane  X«,  where  the  wing  tip  of  Zt; 
has  no  effect;  operators  Ea , Bt#  Ca,  c*  arc  integral  operators  of  the 
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Volterra  type  with  integral Je  feature  r-». 

Vo  deter  wine  the  value  of  ett  ic  zcne  iUf  where  we  have  the  tip 
effect  of  wing  Si  and  diffraction  cn  angle  2»  - y without  the  wing 
tip  effect#  we  again  get  an  Abel  integral  eguaticn 

^ (On) +/:(ai  , o3+,  0,0,  04i)“O.  (7) 

The  value  of  013  is  detcriined  through  the  known  values  of  at  and  «2 
and  the  values  of  0to  ard  04l  found  cn  the  (receding  zones. 


fo  deteraine  the  value  of  042  if  fene  «42,  where  diffraction  on 
the  angle  2w  - y depends  cn  the  flow  ii)  the  interior  angle  y over  the 
edge  of  the  win  £i,  which  lies  in  zene  «10#  we  get  the  systen  of 
generalized  Abel  eguatiens 

A (64a)  +£i  (0«a)  + Q (O32)  1 (01  - , Oio,  0»u  0«i)  ='0,  j 

A (832)  +^2(832)+  Ca (04a)  +F 2(02-1  O31,  841)  *=0, 

where  032  is  the  value  cf  03  in  the  part  of  plane  S3.  which 
corresponds  to  zone  #42  cf  plane  S«.  The  values  of  042  and  032  are 
detcroined  fron  systen  (8)  through  the  values  cf  0ts#  033#  043# 
deternined  on  the  preceding  zenes.  Henceforth  the  values  of  the 
ncrnal  derivatives  in  subsequent  zenes  through  the  values  in  the 
preceding  are  deternined  in  plane  «3  free  the  Abel  eguation  and  in 


t 


P 
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planes  £«,  £3  froa  a system  cf  generalized  Abel  equations. 


le  are  faniliar  with  tie  gener alizat icc  oi  the  Abel  equation 
[4].  the  systea  of  generalized  Abel  eguaticcs  can  be  solved  by  the 
aethod  of  successive  apprcxiaaticns  in  [3]* 


o 

Rote.  In  writing  expression  in  fcrzula  (3)  of  [1]  an  error 


wae  aade.  it  should  be 


Jjl 

dN 


„ _ -1 (± r_  k ±l\ 

*•  / i + \ *y  *•  )y  - ** 


Expressions  ^ in  foraola  {3)  are  writtcr  into  foraulas  (19)  and 


(20) , which  should  not  be  dent;,  since  the  values  theaselves  — | are 

f)N  |*j 

assigned  values  (formula  2).  Re  sight  cet  tie  ispression  that 
egoations  (19)  and  (20)  represent  integro-dif ferential  equations  with 
onkneans  ?.  vt.  v,.  vc.  while  in  fact  the  unkncuns  are  only  # and  it 

shculd  also  be  considered  that  dt |Bi  - <n  dt,  lSi  - / i +'*»  dt  d c. 


Horeover,  on  page  8#  in  the  first  liqe  after  formula  (18) , E/ 
shculd  be  read  in  place  cf  £,. 
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fig*  3. 
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U.  S.  BOARD  ON  GEOGRAPHIC  NAMES  TRANSLITERATION  SYSTEM 


Block 

Italic 

Transliteration 

Block 

Italic 

Transliteration 

A a 

A 

a 

A, 

a 

P 

P 

P 

P 

R,  r 

B 6 

E 

6 

B, 

b 

C 

c 

C 

c 

S , s 

B B 

B 

i 

v. 

V 

T 

T 

T 

m 

T,  t 

r r 

r 

t 

G, 

S 

y 

y 

y 

y 

U,  u 

A A 

n 

d 

D, 

d 

$ 

<t> 

4> 

F,  f 

E e 

B 

t 

Ye 

, ye;  E,  e* 

X 

X 

X 

X 

Kh , kh 

M m 

M 

OK 

Zh 

, sh 

M 

U, 

u 

H 

Ts , ts 

3 3 

3 

1 

z. 

z 

H 

H 

V 

s 

Ch , ch 

M M 

H 

u 

I, 

i 

Id 

QJ 

111 

w 

Sh , sh 

R m 

ft 

1 J 

Y , 

y 

U 

m 

* 

Shch,  shch 

K H 

K 

K 

K, 

k 

b 

b 

7> 

l 

ft 

j i n 

n 

A 

L, 

i 

H 

bi 

bl 

w 

Y,  y 

i'i  , i 

M 

M 

M, 

m 

D 

b 

b 

k 

t 

H H 

H 

H 

N, 

n 

3 

3 

3 

1 

E , e 

0 o 

0 

0 

o. 

0 

KJ 

\Q 

to 

to 

Yu,  yu 

n n 

n 

n 

P, 

P 

fl 

H 

A 

Ya,  ya 

*ye  initially,  after  vowels,  and  after  t,  b,  e elsewhere. 
When  written  as  e in  Russian,  transliterate  as  ye  or  e. 


RUSSIAN  AND  ENGLISH  TRIGONOMETRIC  FUNCTIONS 


Russian 

English  Russian 

English 

Russian 

English 

sin 

sin  sh 

sinh 

arc  sh 

sinh-^ 

cos 

cos  ch 

cosh 

arc  ch 

cosh  ^ 

tg 

tan  th 

tanh 

arc  th 

tanh”-^ 

ctg 

cot  cth 

coth 

arc  cth 

■ coth  , 

sec 

sec  sch 

sech 

arc  sch 

sech  ^ 

cosec 

esc  csch 

csch 

1 arc  csch 

csch 

Russian 

English 

rot 

curl 

lg 

log 
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